Drain and gate bias dependent fluctuations of flicker noise of MOSFETs are explained in terms of carrier concentration distributions in a MOSFET channel. A proposed model well describes the increase of the fluctuation in the saturation region of operation. In addition, the gate bias dependence of the fluctuation in the saturation region can also be calculated using the model. Our model predicts that for any gate voltage change, the fluctuation in the saturation region will be 2-2.5 times that in the linear region.
Introduction
A typical noise spectrum of MOSFETs exhibits l / f dependence below lMHz, so that noise characteristics of CMOS circuits in the audio frequency range is determined by the flicker noise. Moreover, RF characteristics such as noise figure and oscillator phase noise are affected by the flicker noise through upconversion of low frequency noise (Hajimiri and Lee 1998). For RF application, long channel or large gate area options, which are usually adopted for low noise application in low frequency range, are no longer acceptable because of low cut-off frequency and large parasitic capacitance. As the gate area shrinks, the number of interface traps in the area decreases and the relative fluctuation in that number becomes remarkable, which leads to an increase in the variation of flicker noise from sample to sample. In a previous work (Brederlow et al. 1999) , the fluctuation is expressed as a function of Vds/(Vgs -I/th) in the linear region and is independent of bias in saturation region. However, our experimental results show that the fluctuation depend on gate bias even in the saturation condition. In this paper, a model is proposed to explain the fluctuation in both linear and saturation regions, and the gate voltage dependence of the fluctuation.
Measurement
A setup for flicker noise measurement is schematically shown in Fig. 1 . A DUT is biased to form a source-follower amplifier. Measured noise voltage, v,, is divided by the voltage gain of the amplifier to give input referred noise voltage. The gain can be measured with the same setup, except for a smallsignal AC voltage source which is attached to the gate of the DUT. The output voltage of this configuration is insensitive to power supply noise because the gate electrode, which is the most sensitive to the power supply noise, is tied directly to the ground. In common-source configuration, on the contrary, the noise voltage applied to the gate electrode is amplified by gm-times and appears at the output, which may mask the flicker noise signal to be measured.
An example of measured input referred noise voltage spectrum Sv 5 Srlg& is shown in Fig. 2 . The fluctuation of the noise spectrum clearly depends on bias conditions, which will be discussed in the next section. From our measurement results, the fluctuation of g, is much smaller than that of Sv for all bias conditions, so that the relative fluctuations of Sv can be regarded as the same as those of SI.
Fluctuation Modeling
The capture-emission process induces a fluctuation in the number of carriers and a correlated mobility variation, which is called the correlated numbermobility fluctuation (AN-Ap) model, on which the BSIM3 flicker noise model is based. According to the AN-Ap model, the flicker noise current power spectrum, Sr, at frequency f is given by (Hung et al. 1990) where r] f (l/LeffWeff)(l/n + a ,~)~N t k T / y , I is the drain current, n is the carrier density per unit area, Nt is the trap density per unit volume and energy, and y is the attenuation coefficient of the electron wave function in the oxide. Measured input referred noise is shown in Fig. 3 The gate area dependence of Sv and its standard deviation is shown in Fig. 4 . The noise spectrum S v is inversely proportional to the gate area, WeffLeE. The normalized standard deviation is proportional to ~/ ( W ,~L ,~)~/~ as expected from Pelgrom's rule (Pelgrom et al. 1989 ). 
Conclusion
Drain and gate bias dependent fluctuations of flicker noise of MOSFETs have been explained in terms of carrier concentration distributions in a MOSFET channel. T h e fluctuation in the saturation region is 2-2.5 times t h a t in the linear region. 
